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Consider a large collection of air molecules at room temperature and pressure. Can
show that the gravitational force due to an electron located at the edge of the universe is
enough to make the trajectories completely different after about ~60 collisions.

Exercise 5.1 in Statistical Mechanics summary chapter of

T. Padmanabhan, Theoretical Astrophysics, Vol. I: Astrophysical Processes.
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Consider a large collection of air molecules at room temperature and pressure.   Can show that the gravitational force due to an electron located at the edge of the universe is enough to make the trajectories completely different after about ~60 collisions.  

Exercise 5.1 in Statistical Mechanics summary chapter of 

T. Padmanabhan, Theoretical Astrophysics, Vol. I:  Astrophysical Processes.
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How TWO WEATHER PATTERNS DIVERGE. From nearly the same starting
point, Edward Lorenz saw his computer weather produce patterns that
grew farther and farther apart until all resemblance disappeared. (From
Lorenz’s 1961 printouts.)

Gleik's Chaos (as?)

-
“Conn



The Butterfly Effect 23

practical purposes, the cycles would be predictable—and even-
tually uninteresting. To produce the rich repertoire of real earthly
weather, the beautiful multiplicity of it, you could hardly wish
for anything better than a Butterfly Effect.

The Butterfly Effect acquired a technical name: sensitive de-
pendence on initial conditions. And sensitive dependence on in-
itial conditions was not an altogether new notion. It had a place

in folklore:

r“For want of a nail, the shoe was lost;

For want of a shoe, the horse was lost;
For want of a horse, the rider was lost;
For want of a rider, the battle was lost;
For want of a battle, the kingdom was lost!”

L

In science as in life, it is well known that a chain of events
can have a point of crisis that could magnify small changes. But
chaos meant that such points were everywhere. They were per-
vasive. In systems like the weather, sensitive dependence on
initial conditions was an inescapable consequence of the way

small scales intertwined with large.
GWH clarification: No matter how hard the butterflies flap their wings, they can't make it snow in NYC
in July. What chaos does do is change the phase of events or give a different sampling, e.g. make it rain 6
times in July instead of 7, or make it rain on July 28 instead of July 30. A corrollary: although chaos
means that one can not predict the precise weather at 3 p.m. exactly 3 months from now, one can try to
predict the climate, the statistics of the weather.

Quete Srom @Qorﬁe Herbect <l5q3—[633)

Quoted v J . Gleids, _(;L\Aog', quiuj o New Science ,
(Viking , New York, L287)




J.C. Maxwell, Matters and dynamics (1877):

"There is a maxim in studying the physical phenomena, that is. 'Same phenomena result
in same." This is true in all cases.

And there is another maxim, 'Similar phenomena result in similar.' This is appropriate for
many phenomena too, but not all."

Towes Cleck Maywell  (183]1-1879)
Mc\x\peuts E%S - Unified  electrial q’ma.(yne"v’c 'Q)rcw
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